INTRODUCTION
Leprosy is an infectious, transmissible disease caused by Mycobacterium leprae (M. leprae) or Hansen's bacillus (1873), preferentially reaching the skin, mucous membranes, peripheral nervous system, eyes. These disease realise different clinical forms according to the cellular immunity of the infected subject [1] . One of the major aim for the control of leprosy in the world is the treatment of patients. Dapsone or diaminodiphenylsulfone is a sulfone active against many bacteria, but it is mainly used for its action against Mycobacterium leprae, the agent responsible for leprosy. Dapsone is also used as an alternative to cotrimoxazole in the treatment and prophylaxis of Pneumocystis pneumoniae and, with pyrimethamine, for the prophylaxis of malaria. It is used in the treatment of herpetiform dermatitis and other dermatoses; It has also been used in the prophylaxis of toxoplasmosis and for the treatment of cutaneous leishmaniasis and actinomycetomas [2] . In this QSAR study, a series of nine (9) Dapsone-derived azetidinones were used, among them six (6) were used in the training set and the three others remained in the external test set (Fig.1 ). These compounds have been synthesized and tested by Wadheret al. [3] and Mehtaet al. [4] for their biological activities.
Molecular structures of test sets and validation of Azetidinones used for QSAR models These molecules were synthesized by condensing dapsone-derived Schiff bases with chloroacetylchloride in the presence of triethylamine as catalyst to obtain the Azetidinones (A-I). These compounds have been developed to control Staphylococcus aureus and Escherichia coli bacteria. The general objective of this work is to make a descriptive and predictive study of antibacterial activity. The models obtained will allow to identify the best analogues called «leads» which will be able to fight more effectively against the bacterial strains.
MATERIALS AND METHODS

Material and Method of Calculation
The six molecules of the test set and the three other molecules in the validation set used in this study have inhibition diameters ranging from 14.00 to 20.40 millimeters. The diameter of the zones of inhibition observed around the disks makes it possible to deduce the minimum inhibitory concentrations (MIC) of the different bacteria for the strain tested and the clinical categorization (Sensitive, Intermediate, Resistant).
Calculation Level
The link between the biological activity values of the molecules studied and their molecular structures was demonstrated by quantum chemistry calculations carried out using Gaussian software [5] . DFT methods are generally known to generate a variety of molecular properties [6] [7] [8] [9] [10] [11] [12] [13] in QSAR studies that increase predictability, reduce computation time, and involve costs in the design of new drugs [14, 15] . The B3LYP / 6-31G (d) theory level was used to determine the molecular descriptors. The modeling was done using the multilinear regression method implemented in Excel spreadsheets [16] and XLSTAT [17] .
Quantum Descriptors
For the development of QSAR models, some theoretical descriptors related to the conceptual DFT were determined such as the energy of the Lowest Unoccupied Molecular Orbital (E LUMO ), the energy of the Highest Occupied Molecular Orbital (E HOMO ), the electronegativity (χ), the softness (σ) and the dipole moment (μ). These descriptors are all determined from the optimized molecules. It should be noted that the descriptors related to the boundary molecular orbitals have been calculated in a very simple way within the framework of the Koopmans approximation [18] . LUMO energy characterizes the sensitivity of the molecule to nucleophilic attack, and HOMO energy characterizes the susceptibility of a molecule to an electrophilic attack. The electronegativity (χ) is the parameter that translates the ability of a molecule not to let its electrons escape. The global softness (σ) expresses the resistance of a system to the change of its number of electrons. The dipole moment (μ) indicates the stability of a molecule in water. Thus, a high dipole moment will result in poor solubility in organic solvents and high solubility in water. These different parameters, except for the dipole moment (μ), are determined from equations (1):
For all the descriptors studied, the analysis of the bivariate data, that is to say the calculation of the partial correlation coefficient between each of the pairs of the set of descriptors is less than 0.70 (aij <0.70) , Which means that these different descriptors are independent of each other [19] .
Estimation of the Predictive Ability of a QSAR Model
The quality of a model is determined on the basis of various statistical analysis criteria including the coefficient of determination R 2 , the standard deviation S, the correlation coefficients of cross validation Q
CV
and Fischer coefficient F. The statistical indicators R 2 , S and F relate to the adjustment of the calculated and experimental values.They describe the predictive capacity within the model limits and allow to estimate the precision of the values calculated on the training set [20, 21] . As for the cross-validation coefficient Q 2 CV , it provides information on the predictive power of the model. This predictive power is called "internal" because it is calculated from the structures used to build this model. The determination's coefficient R 2 gives an evaluation of the dispersion of theoretical values around the experimental ones. The quality of the modeling is better when the points are close to the fitting line [22] . The adjustment of the points to this line can be evaluated by the coefficient of determination.
Where Y i , exp: Experimental value of antibacterial activity Y i , theo: Theoretical value of the antibacterial activity Y ̅ i , exp: The mean value of the experimental values of the antibacterial activity The closer the value of R² to 1, the more the theoretical and experimental values are correlated Moreover, the variance σ 2 is determined by the relation 3:
Where k is the number of independent variables (descriptors), n is the number of molecules in the test or learning set and n-k-1 is the degree of freedom. The standard deviation S is another statistical indicator used. It evaluates the reliability and precision of a model:
The Fischer coefficient Fis also used to measure the level of statistical significance of the model, ie the quality of the choice of the descriptors constituting the model.
The coefficient of determination of the cross-validation Q 2 cv , makes it possible to evaluate the accuracy of the prediction on the test set and it is calculated by using the following equation:
The performance of a model, according to Eriksson et al. is characterized by a value of Q 2 cv > 0.5 for a satisfactory model and for the excellent model Q 2 cv is higher than 0.9 [23] . For a given training set, a model will be performing if the acceptance criterion R 2 -Q 2 cv < 0.3 is respected. Moreover, the predictive power of a model can be obtained from the value of the ratio dtheo/dexp for the test set. The model is acceptable when the value of the ratio of theoretical and experimental activity tends towards unity.
RESULTS AND DISCUSSION
The training set of the six (6) molecules and the three (3) molecules of the Azetidinone test set derived from dapsone are shown in Table 1 . Thereafter, the values of the partial correlation coefficients aij of the descriptors are also presented in Table 2 . The correlation matrix is used to see the mutual correlation among the parameters used in the model. This matrix shows that descriptors have low intercorrelation values.The partial correlation coefficients aij between the descriptor pairs (μ, χ) and (μ, σ) are less than 0.70 (aij <0.70). This demonstrates the independence of the descriptors used to develop the models.
QSAR Model Validation
It should be noted that the negative or positive sign of the descriptor's coefficient of the model reflects the proportionality's effect between the evolution of the biological activity and this parameter of the regression equation. Thus, the negative sign indicates that when the value of the descriptor is high, the biological activity decreases while the positive sign translates the opposite effect. The best QSAR models obtained for the different antibacterial activities of Escherichia coli and Staphylococcus aureus as well as the statistical indicators are given in Table 3 . It should be emphasized that these models were established using the descriptors of the training test and test set in Table 1 . The negative signs of the dipole moment coefficient indicate that the antibacterial activities will be improved for a low value of the dipole moment. In contrast, the positive signs of the coefficients of electronegativity and global softness require high values of these descriptors to improve antibacterial activity. As for the significance of the models, it is translated by high value of the coefficient of Fisher (A, F, G) and (A, E, I ) respectively. The values of the dtheo/dexp ratio of the external validation set are shown in Table 4 . Graph between actual and predicted biological activity for training and test set of the different models
Analysis of the Contribution of Descriptors in Models
The study of the relative contribution of the descriptors in the prediction of the antibacterial activity of the compounds was carried out for the bacteria Staphylococcus aureus and Escherichia coli. The various contributions are presented in Fig. 3 . The dipole moment presents a large contribution compared to electronegativity or to globalsoftness. Thus, the dipole moment proves to be the priority descriptor in the prediction of the antibacterial activities (Escherichia coli and Staphylococcus aureus) of the Azetidinones derivatives studied. 
CONCLUSION
The dipole moment (μ), the electro-negativity (χ) and the global softness (σ) allowed us to predict the behavior of the azetidinones studied in the presence of the bacteria Escherichia coli and Staphylococcus aureus. This study revealed strong correlations between the calculated and experimental values of the diameter of the inhibition zone. The QSAR models obtained allow us to predict the activity of the best analogues called "lead". These proposed models permit to identify the dipole moment as a priority descriptor for improving the antibacterial activity. Moreover, the negative signs of the dipole moment coefficient indicate that the antibacterial activities will be improved for a low value of the dipole moment. This work constitutes a compass for the design of new molecules more active against the bacteria Escherichia coli and Staphylococcus aureus. The significance of these models was verified using a test set comprising three molecules. Finally, it is concluded that the work presented here will play an important role in understanding the relationship of physiochemical parameters with structure and biological activity. By studying the QSAR model, one can select the suitable substituent and design new compounds with improved biological activity.
